Aims and objectives: To investigate whether awareness of manual respiratory rate monitoring affects respiratory rate in adults, and whether count duration influences respiratory rate estimates.
offered is that such an awareness may alter the rate or pattern of the patient's respirations (e.g., Smith & Roberts, 2011; Wilson & Giddens, 2013) . This makes intuitive sense because, although breathing occurs automatically, respiratory rate and depth can easily be brought under conscious control (Buchanan, 2013) . Hence, drawing the patient's attention to their own respiration may disrupt the automatic regulation of breathing. For example, in one experimental study, participants breathed more slowly when counting their own breaths than when distracted from their respiration by listening to a tape-recorded story through headphones (Western & Patrick, 1988) . However, the researchers went to great lengths to ensure participants were unaware that their respiration was being evaluated, using dummy ECG monitoring as a cover story to fit them with a respiratory inductance plethysmograph (which measures respiratory movements via changes in the inductance of insulated wire coil transducers attached around the chest and abdomen). To date, only one published empirical study has investigated whether simply being aware of respiratory rate monitoring has a similar effect (Han et al., 1997) .
In the study by Han et al. (1997) , participants were again fitted with a respiratory inductance plethysmograph. In the two relevant experimental conditions, this device was used to monitor their breathing for 5 min with and without awareness that recordings were being made. The sample comprised 74 healthy adults who were na€ ıve to the purpose of the study. To initiate the aware condition, the researcher simply said, "OK. I am going to record your breathing now" (p. 162). However, in the unaware condition, the experimenter instead deceived the participant, stating that their breathing was not being recorded and requesting that they sit still What does this paper contribute to the wider global clinical community?
• This study strengthens the evidence base for current textbook recommendations which suggest that, ideally, adult patients should not be made aware when their respiratory rate is being observed.
• In addition, the clear evidence provided by this study that shorter counts lead to systematic underestimations of respiratory rate may prompt textbook authors and clinical educators to re-evaluate their recommendations in relation to count duration.
• The findings may also prompt clinicians to be more wary of the potential cumulative effects of multiple extraneous factors (i.e., influences other than the patient's current state of health) on the measurement of respiratory rate.
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| 547 for 5 min to allow the device to be calibrated. Each individual participated in these two conditions in a randomised order. Results indicated that participants' inspirations and expirations were longer when they were aware of monitoring, amounting to an average decrease in respiratory rate of 1 breath/minute (Han et al., 1997 Approximately half of the participants completed the aware condition first. If the experimental manipulation disrupted the automatic regulation of breathing, then it is possible that full automaticity was not restored for some or all of these participants before the unaware condition began. Although the authors state that the results were "similar"
for participants assigned to each order, no data are presented to indicate the extent of the difference. Second, the fact that all participants were wearing plethysmograph coils around their chest and abdomen, and were aware of the function of the device throughout the experiment, may mean that their breathing was not entirely natural in the unaware condition, even if they completed this condition first. In addition, it is unclear to what extent the findings would generalise to manual measurement of respiratory rate. It may be that the added social element of being observed by another person elicits greater selfconsciousness, potentially increasing the magnitude of the awareness effect. Hence, the present study will: focus on the effect of awareness specifically in relation to manual respiration monitoring; employ an experimental design that is not vulnerable to asymmetric carryover effects; and incorporate procedures to ensure that participants in the unaware condition (and all participants at baseline) are oblivious to the fact that their respiratory rate is of interest.
In relation to the length of the respiratory rate count, different nursing textbooks provide conflicting recommendations with respect to adult patients. Across texts, these include instances in which the authors: (i) recommend a 1-min counting period without qualification (e.g., Craven, Hirnle, & Jensen, 2013; McCallum & Malcolm, 2009; Smith & Roberts, 2011); (ii) indicate that a 60-s count is preferable to increase accuracy, but also endorse counting for 30 s and multiplying by 2 (while warning against counting for 15 s and multiplying by 4; Smith, Duell, & Martin, 2012) ; (iii) specify that it is sufficient to count for 30 s and multiply by 2, if the patient's respirations are regular (e.g., Berman et al., 2010; Lynn, 2011; Perry, Potter, & Ostendorf, 2014; Tollefson, 2010) ; or (iv) suggest that it is only necessary to count for an unspecified "fractional portion" of 1 min before multiplying, if the patient's breathing is noiseless and effortless (Timby, 2009) . Part of the explanation for these differing opinions may be that there is currently very little empirical evidence available to inform practice.
The only two published studies that have directly compared adult respiratory rate estimates derived from 60-s counts with those derived from shorter counts have yielded conflicting results (Bianchi et al., 2013; Hooker et al., 1989) . In each study, participants were patients who presented for care at a different urban teaching hospital. The researchers compared respiratory rate estimates recorded by triage nurses, who routinely counted for 15 s and multiplied by four, with "criterion standard" measurements based on 60-s counts conducted either by a medical student immediately after the triage visit (Hooker et al., 1989 ; N = 110), or by a researcher within 10 min (Bianchi et al., 2013; N = 191 Bianchi et al., 2013) .
First, the two counts were not conducted by the same individuals.
Second, it is possible that the patients' respiratory rates were actually different during the two sets of measurements, because they were not conducted concurrently. Therefore, the present study will provide a more focussed test of the potential impact of count duration by using a video-based method that allows the same raters to estimate participants' respiratory rates from 60-s clips, and from additional clips comprising the first 30 or 15 s of each 60-s clip.
| Purpose of the study
The primary aim of this study was to investigate whether respiratory rate is substantially affected when individuals are made aware that their breathing is being monitored. Unlike the previous work, this study: (i) focused on the effect of manual respiration monitoring; (ii) varied awareness of monitoring between-subjects to avoid potential carryover effects; and (iii) used a noninvasive video-based method to obtain respiratory rate data from all participants (whether they were subjected to manual measurement or not) both before and during the experimental manipulation. Specifically, we hypothesised that awareness of manual respiratory rate monitoring would lead to a substantial reduction in respiratory rate (Hypothesis 1). We also examined whether respiratory rate estimates are affected by the duration of the respiration count, hypothesising that shorter counts would systematically decrease respiratory rate estimates (Hypothesis 2). In addition, we assessed whether participants had insight into how their own respiratory rate changed when they became aware that it was being monitored.
3 | ME TH ODS
| Design
The experiment's primary independent variable, awareness of respiration monitoring (aware vs. unaware; between-subjects), was manipulated by randomly assigning participants to conditions. The dependent variable was respiratory rate (breaths/minute), which was estimated from video recordings by two independent raters. A second independent variable, count duration (60 s vs. 30 s vs. 15 s; within-subjects), was manipulated by providing the raters with video clips of differing lengths. Participants in the aware condition also responded to a self-report measure designed to quantify the perceived effect of awareness on respiratory rate.
| Participants
Participants were a convenience sample of first-year psychology students recruited from a research participation pool at The University of Queensland (Brisbane, Australia), who received course credit.
The final sample comprised 82 participants (66 female, 16 male; mean age 19.79 years, SD 4.06; age range: 17-42 years). An additional 16 participants were excluded because their respiratory rate could not be reliably estimated from the video recordings due to awkward sitting posture (n = 6); excessive movement (n = 6); baggy clothing obscuring respiration motion (n = 2); or equipment failure (n = 2) (Figure 1 ). In the debriefing that followed the testing session, one additional participant asked to be excluded after learning that their respiratory rate would otherwise be calculated from the video recording.
Using G*POWER version 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007) with alpha set at .05, we calculated that a minimum sample of 52 participants was required to give 80% power to detect a large effect (d = 0.8; Cohen, 1992) of awareness. However, we recruited additional participants to allow for exclusions because we anticipated that it might be difficult to reliably estimate the respiratory rate of some participants via the novel video-based method used in the present study.
| Data collection
Participants were recruited and tested between May-September 2015. All participants provided consent (including consenting to be video recorded), but they were not informed of the study's hypotheses before participating. Prior to testing, each participant was randomly assigned to either the aware or the unaware condition. 
| Reading task
Once seated at the computer, all participants commenced a reading task designed to ensure that they would sit upright and remain still to facilitate reliable measurement of respiratory rate. This task involved silently reading four passages of text presented on the computer screen. To increase the face validity of the task, each passage was followed by four multiple-choice questions that elicited participants' reactions to the passage. Participants were instructed to inform the experimenter each time they were ready to progress to the next passage (so that start and end times could be recorded for each passage). The passages were presented in a different random order for each participant.
| Experimental manipulation: awareness of respiration monitoring
Prior to reading the first two passages (baseline block), no mention was made of respiratory rate. Before reading the remaining two passages (experimental block), participants were either: (i) told that their respiratory rate would be monitored by the experimenter counting the number of inhalations and exhalations that they made ("aware" condition); or (ii) given no further instructions ("unaware" condition).
During the baseline block, the experimenter avoided looking at the participant and focused instead on her own private reading; thus, all participants were assumed to be unaware of respiratory rate monitoring at this stage. In the second block, this procedure was continued for participants in the unaware condition. For participants in the aware condition, the experimenter watched the participant's chest movements, silently counting their respiratory rate while referring to a wristwatch (however, all respiratory rate data used in the statistical analyses were actually derived from the video recordings).
| Self-report measure
Following the reading task, participants in the aware condition indicated the extent to which they perceived a change in their respiratory rate when they were made aware of being monitored, using a HILL ET AL.
| 549 five-point rating scale (1 = became much slower, 2 = became slightly slower, 3 = did not change, 4 = became slightly faster, 5 = became much faster).
| Demographic survey
Finally, all participants completed a brief survey in which they were asked to report their gender and age.
| Ethical considerations
This study was granted ethical approval in accordance with the review processes of the relevant university ethics committee. Participation in the study was voluntary, and participants were free to withdraw at any time. Prior to being tested, each participant gave their written consent to participate and to be video recorded. For the experimental block, 30-s and 15-s versions of each clip were also created (to manipulate count duration) by cutting the 60-s clips short at the appropriate points. Each clip was then renamed with a randomly assigned ID number that bore no relationship to the relevant awareness of respiration monitoring condition or block.
Two trained raters, who were both blind to the experimental manipulation and study hypotheses, viewed all 656 clips in a random order (which was reversed for one of the raters) and independently estimated the participant's respiratory rate in each clip by counting the number of breaths (defined as a complete inhalation and exhalation). For the 30-s and 15-s clips, these estimates were converted to breaths/minute prior to analysis. For the baseline block, and for each of the three count durations in the experimental block, each participant's respiratory rate estimates were averaged over the two passages and the two raters to maximise reliability.
| Scoring of self-report data for participants in the aware condition
Responses to the rating scale on perceived change in respiratory rate were tallied to yield a frequency count and percentage for each response option. In addition, an "actual change score" was calculated for each participant in the aware condition by deducting their baseline respiratory rate from their aware respiratory rate (using the 60-s count to maximise reliability).
| Statistical analyses
All statistical analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA) with alpha set at .05. First, we checked for unexpected between-groups differences in age (using an independent samples t test) and gender ratio (using a chi-square test). Next, an intraclass correlation (based on absolute agreement) was used to evaluate the reliability of the averaged respiratory rate estimates for the 656 video clips. Another independent samples t test was then used to assess whether the aware and unaware groups differed in their baseline respiratory rates.
Next, a mixed-design analysis of covariance (ANCOVA) was conducted to test the effects of awareness (unaware vs. aware; between-subjects) and count duration (60 s vs. 30 s vs. 15 s; withinsubjects) on estimates of participants' respiratory rate during the experimental block. Baseline respiratory rate was included as a covariate to more accurately assess the effect of the awareness manipulation by reducing noise in the data attributable to individual differences. As Mauchly's W was significant (indicating violation of the sphericity assumption), the degrees of freedom for effects involving the within-subjects variable were adjusted using the Greenhouse-Geisser correction. Eta-squared (g 2 ) was calculated as the measure of effect size for each significant omnibus effect (Howell, 1997). Values of g 2 equal to or greater than .06 and .14 may be regarded as representing medium and large effects, respectively (Cohen, 1988) . In addition, the main effect of count duration was followed up with three simple effects tests, using a Bonferroni correction. To avoid potential statistical artefacts, these data were mean-centred prior to analysis (Delaney & Maxwell, 1981) .
Finally, for participants in the aware condition, a Pearson's correlation coefficient was used to test for a relationship between perceived and actual changes in respiratory rate. 
| RESULTS

| Participant characteristics
| Reliability of respiratory rate estimates
The intraclass correlation between the two coders' respiratory rate estimates for the 656 video clips was 0.996 (p < .0001), indicating that approximately 99.6% of the variance in these estimates (after averaging across raters) was attributable to variability in the participants' true respiratory rates.
| Baseline check
As expected, there was no significant difference in baseline respiratory rate between the participants randomly assigned to the unaware (M = 17.12, SE = .41) and aware (M = 16.40, SE = .47) conditions, t(80) = 1.16, p = .25.
| Effect of awareness on respiratory rate
Analysis of the respiratory rate data from the experimental block revealed a significant main effect of awareness, F(1,79) = 31.39, p < .0001, g 2 = .13. After correcting for baseline variation, respiratory rate was 2.13 breaths/minute lower on average in the aware condition (M = 13.28, SE = .27) compared to the unaware condition (M = 15.40, SE = .27). This effect was not qualified by an interaction with count duration, F(1.31, 103.25) = 1.07, p = .32 (Figure 2 ). 
| Perceived effect of awareness on respiratory rate
In response to the self-report rating scale, the majority of participants in the aware condition (58.54%) perceived that their respiratory rate increased with awareness of monitoring, and fewer than one-third (28.20%) perceived a decrease (Table 2 ).
In addition, there was a moderate negative correlation between the actual change in respiratory rate upon becoming aware of being observed, and the perceived change, r(41) = À.39, p = .01. That is, the more that participants' respiratory rate had actually decreased, the more they tended to perceive that it had increased (Table 2) .
| DISCUSSION
This is the first published study to empirically demonstrate that respiratory rate is affected by awareness of manual measurement by observation. Consistent with Hypothesis 1, video recordings revealed that, on average, the respiratory rates of participants who were subjected to overt manual respiratory monitoring were over 2 breaths/minute lower than those of participants whose respirations were not measured manually. This is approximately twice the effect on respiratory rate that the awareness of monitoring had in the study by Han et al. (1997) . However, Han et al.'s study differed in that it evaluated the effect of awareness of monitoring by an automated device, not a human being, and this effect may also have been underestimated due to asymmetric carryover. Nevertheless, the direction of the effect in the present study (i.e., a reduction in respiratory rate) is consistent with the results of both prior studies in which participants' attention was drawn to their own breathing, either directly (Western & Patrick, 1988) or indirectly (Han et al., 1997) .
Interestingly, participants in the aware condition had little insight into how their respiratory rates changed when they became aware of manual monitoring. While the majority thought that their respiratory rate had increased, there was a negative correlation between perceived and actual change. That is, the more that their respiratory rate had actually decreased, the more that participants thought that it had increased. As participants had no reason to attend to their own breathing during baseline testing, it is arguably unsurprising that they could not accurately estimate the extent of the change. However, it is unclear why most participants who perceived a change in their respiratory rate thought that it had increased. Speculatively, one possibility is that participants were familiar with the well-known white-coat effect -in which blood pressure is believed to increase when measured clinically (but see Kallioinen, Hill, Horswill, Ward, & Watson, 2017)-and assumed that the same would apply to respiratory rate. Importantly, however, the negative correlation between perceived and actual change demonstrates that, although respiratory rate can be brought under voluntary control (Buchanan, 2013) , the observed effect of awareness was not the product of a "self-fulfilling prophecy".
This study was also the first to examine the effect of respiratory count duration free from the confounds that limit the interpretability of prior work, such as using different raters for each count duration, and conducting the different live counts on each participant at different time-points (Bianchi et al., 2013; Hooker et al., 1989) . In this study, the same pair of blind raters counted each participant's respiratory rate from multiple video clips that shared common startpoints but differed in length to operationalise the count duration manipulation. A clear pattern emerged, in which shorter count T A B L E 2 Self-reported perceived change in respiratory rate among participants in the aware condition: percentage of participants (n) who selected each response option and corresponding means for actual change in respiratory rate (SD) (Hooker et al., 1989) , but the effect is larger in magnitude.
The results of the present study lend further empirical support to textbook recommendations that, when practicable, patients should not be made aware of respiratory rate monitoring (Smith & Roberts, 2011; Wilson & Giddens, 2013) , and respiratory rate should be counted for a full 60 s (Craven et al., 2013; McCallum & Malcolm, 2009; Smith & Roberts, 2011) . They also highlight the potential cumulative effects of multiple extraneous factors (i.e., influences other than the patient's current state of health) on the measurement of respiratory rate. For example, average respiratory rate estimates were over 4 breaths/minute lower for aware participants whose breathing was counted for 15 s, compared with unaware participants whose breathing was counted for 60 s. Therefore, in combination, these two factors alone have the potential to make a clinically significant impact on the respiratory rate that is ultimately recorded for a patient.
| Limitations
The primary limitation of this experiment is that the participants were a nonclinical sample, as were those in the prior studies that investigated awareness effects (Han et al., 1997; Western & Patrick, 1988) . Therefore, further work is required to confirm that the effect of awareness generalises to clinical samples, who are more likely to be concerned about their state-of-health, and for whom vital sign observations may have meaningful consequences in relation to prognosis, treatment options and length of stay. We also cannot be certain that the awareness effect would be of the same magnitude in older adults. However, there is no strong reason to suspect that age would moderate the effect of awareness because Han et al. (1997) tested both "younger" and "older" adult groups and found no clear evidence of an interaction in relation to automated monitoring. Additionally, it is currently unclear to what extent the observer's professional status (e.g., as a nurse or doctor vs. a researcher, as in the present study), and other factors, such as their demeanour, gender and appearance, may also contribute to the magnitude of the awareness effect, over and above the effect of merely being observed by another human being.
In relation to the effect of count duration, the present study concurs with the most relevant prior study conducted on hospital patients (Hooker et al., 1989) . Nevertheless, underestimations of respiratory rate at shorter count durations may be exacerbated for patients with less regular breathing patterns. Hence, in clinical situations, the effects of count duration may be even larger than those observed here after controlling (as we did) for the confounds that affected the Hooker et al. (1989) study.
Another limitation of the study is that it was not possible (for ethical reasons) to make video recording entirely unobtrusive by concealing the camera. Consequently, the overt use of a video recording device may have made participants feel self-conscious (although they remained unaware of the purpose of the recordings until after the experiment). Because both experimental groups were video recorded, this self-consciousness cannot account for the observed differences between them; however, it could plausibly have affected baseline respiration rates in both groups. Nevertheless, the video camera did not physically interfere with participants' ability to breathe, unlike the automated measurement devices used in the prior awareness studies (Han et al., 1997; Western & Patrick, 1988) .
Relying on video recordings for the respiratory rate data also meant that a number of participants had to be excluded because their respirations were not discernible for a sufficient length of time (e.g., due to awkward sitting posture, excessive movement or baggy clothing). Nevertheless, for the participants in the final sample, the blind coders (who were able to view each video as many times as necessary) produced respiratory rate estimates with near-perfect reliability.
Finally, it is possible that the reading task increased participants' baseline respiratory rates slightly. For example, in an experiment by Shea, Walter, Pelley, Murphy, and Guz (1987) , reading text led to a 6% increase in respiratory frequency compared with viewing a white screen. However, as we used the same textual passages for both groups, the awareness effect was not confounded.
| CONCLUSION
The results of this study suggest that awareness of manual measurement by observation can significantly reduce respiratory rate, and that shorter count durations yield significant systematic underestimations. Therefore, to maximise the utility of respiratory rate as a clinical indicator, it is important that these factors are prevented from influencing respiratory rate measurements or that their influence is accounted for in interpreting and acting upon the data.
| RELEVANCE TO CLINICAL PRACTICE
This study strengthens the evidence base for current nursing textbook recommendations which suggest that, ideally, adult patients should not be made aware when their respiratory rate is being observed. Prior to this study, none of the empirical evidence in support of this suggestion was specific to manual measurement by observation as commonly practiced in a variety of nursing settings, such as wards and triage. In addition, the clear evidence provided by this study that shorter counts lead to systematic underestimations of respiratory rate may prompt clinical educators and authors of nursing textbooks to re-evaluate their recommendations for count duration.
However, researchers may wish to conduct further investigations to more precisely quantify the impact of these factors for a range of HILL ET AL.
| 553 relevant clinical populations, perhaps incorporating some of the methodological innovations used in the present study to avoid confounds that limited the interpretability of prior work.
The findings also indicate that the cumulative effects of multiple extraneous factors can potentially influence respiratory rate measurements to a clinically significant degree. They may therefore prompt clinicians to be more wary of the individual and cumulative effects of such factors, including (but not limited to) awareness and count duration.
